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MEASUREMENT OF AIR VELOCITY AND TEMPERATURE
R. Kenneth Matthes.!/

Many factors are affected by the air flow rate and temperature
of the air in seed drying. The faster air is moving the more moisture
it can pick up in a given time period. The higher the temperature of
the air the greater capacity it has for holding moisture and the more
heat it has available to evaporate the moisture in the seed.
Air flow rates are recommended usually in terms of CFM/Bu.
Since 1 Bu . = 1. 25 ft3 the toal number of bushels is obta ined
by:
N bu =Area (ft 2) x Depth (ft.) x . 8 bu/ft3
Total CFM = CFM/Bu . x N Bu .
~x

CFM/ft2 = Total CFM =
Area

Depth x . 8 x CFM
Bu

Thus: CFM/ft2 = . 8 x Depth x ch~
CFM is air flow; however, most of rhe mstruments w~se are
calibrated in terms of air veloc1ty but
CFM/ft2 = jt<' I min ft/minair veloc1ty
or Vel x Area =Air flow

y=

Therefore, if air is flowing through a pipe or duct in w hich the
cross-sect10nal area changes , the velocity must change since the air
flowing trhough one section of the duct is the same as the air flow
through the other section . Figure 1 lllustrates this point.
There are several methods available for measuring air flow .
Some methods are extremely accurate and extremely complex . These
methods are sometimes required for laboratory work which requires
such accuracy. There are other methods which are not as accurate
but which have the advantage of being simpler to use. These are
used by heating and air conditioning companies to evaluate the air
flow rates from newly installed systems. These types of instruments
are more applicable for seedsmen .
The different methods of measuring air flow rate are based on
one of three different principles. The first is that moving air has a
kinetic energy in a similar manner that a moving bullet contains
l/ Dr. Ma tthes is Associate Professor , Agricultural and Biological Engineering Department , Mississippi State University .
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Figure 1. Air flow is the air velocity times the cross -sectional
r:t.rea.
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energy. If th1s moving air is stagnated by an obstruction such as a
tube. the stagnation pressure will result. From an apparatus such
as shown in Figure 2 , the static pressure , P0 1 and stagnation
pressure Ps , can be measured.
For an mcompressable fluid such as water the following equation holds:

Where: Ps 1s the stagnation pressure
P 0 1s the static pressure

;LJ

is the density of the fluid.

and Vo 1s the velocity of the flUid.
The solution Vo is:

Keep in mind that this holds for an incompressible fluid such as oil
or water . However for a compressible fluid the velocity equation is
somewhat more complicated but it can be solved for the velocity.
1

Pitot-static tubes are designed to mea sure Ps and Po simultaneous as shown in Figure 3. Acutally, value of interest is (ps-PJ;
therefore, if Ps and Po are connected to different sides of a u- tube
manometer the difference between the fluid levels in the tube will
indicate the difference between these pressures . Figure 4 is a
standard pitot tube.
There are many variations of the pitot tube idea which result
in devices of various shapes and correction coefficients. One widely
used is the Cole Pitometer , wh1ch consists of two similar pitot
tubes 1 one facing upstream 1 the other facing downstream.
The tube facing upstream measures the stagnation pressure
properly but the one facing downstream measures the pressure in
the turbulent wake behind itself , which is considerably less than
the true static pressure. Therefore , a correction factor must be
applled.
1

The velocity of the air is not entirely dependent upon differences
between these pressures , but it is also dependent upon the shape of
the pitot tube and the temperature. Therefore 1 it is important to use
a pitot tube which has been calibrated for the general conditions for
which it is used .
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Figure 2. Apparatus illustrating points to measure
static pressure I P 1 and stagnation pressure,

Ps .
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Figure 3. A cross-sectional view of a pitot tube.
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Figure 4 . A standard pitot tube.
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For accuracy of plus or minus 2% , as in laboratory applications
extreme care is required and the following precautions should be
observed :
1 . Duct diameter 4" or greater .
2. Make an accurate traverse per sketch (Figure S) and
average the readings.
3 . Provide smooth straight duct sections 10 diameters in
length both upstream and downstream from the pitot tube .
I

In making an air velocity check select a location as suggested in
Figure S connect tubing leads from both pitot tube connections
to the manometer and insert in the duct with the tip directed into the
air stream . If the manometer shows a minus indication reverse the
tubes. With a direct reading manometer (Figure 6) air velocities will
now be shown in feet per minute . In other types (Figure 7) the
manometer will read velocity pressure in inches of water and the
corresponding velocity will be found from the curves in Figure 8 .
If circumstances do not permit an accurate traverse center the
pitot tube in the duct determine the center velocity and multiply
by a factor of . 9 for the approximate average velocity . Field tests
run in this manner should be accurate w1thin plus or minus 5%.
1

1

I

1

I

The velocity indicated is for dry air at 70°f . , 29. 9" Barometric Pressure and a resulting density of . 0 75:#:/cu. ft. For air at
a temperature other than 70°F . refer to the curves in Figure 9. For
other variations from these conditions 1 corrections may be based upon
the following data:
Pv
Air Velocity= 1096 . 2 D
where: Pv

= velocity

pressure in in. of water

D =Air density in i/cu. ft.
Air Density

= 1. 325 x

where : Ps

¥

= Barometric

Pressure in in. of mercury

T =Absolute Temperature (indicated temperature
°F plus 460)
Flow in cu . ft . per min.

= Duct area

in square feet x air
velocity in ft. per min .

I
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Figure 5. Location of pitot reading for accurate
velocity determinations.
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Figure 6. A manometer calibrated for pressure.

Figure 7. A manometer calibrated for velocity.
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An aH velocity calculator computes veloc1ty based on air
density corrected for conditions of temperature and pressure which
ehmmates tedious calculations. (Figure 9). The calculator ranges from
.01 to 10 inches of water corresponding to 400 to 20,000 FPM. A
calculator is furnished with each pitot tube by F. W. Dwyer Manufacturing Co .
Anemometers are also used for measuring air velocity . An
anemometer cons1st essentially of a rotatmg element whose speed of
rotation varies with the local velocity of flow, the relation between
th ese variables being found by cahbratwn . Anemometers fall into
two main classes , depending upon the design of the rotating elements .
These are th e cup type and vane (propeller) type. The cup-type anemometer for the measurement of wind velocity is usually mounted on a
rigid shaft; the vane-type anemom eter is held in the hand while readings
are taken.
Another type of anemometer wh1ch has been very successful in
the field of aeronautical research 1s the hotwire anemometer, one
type of which is shown schematically in Figure 10. The device consists of a fine platinum wire exposed to the velocity V0 which is to be
measured. The fact that various veloc1ties will have various cooling
effects upon the hot-w1re, which will change its resistance , allows
(by calibration) relating the velocity V0 to certain electrical measurements. The hot-wire anemometer of Figure 10 is of the constantvoltage type, and during its operation the drop in elec trical potential
across its termmals is maintained constant. Variation of velocity
will change the resistance of the wire and, thus, the ammeter
reading; the ammeter reading thereby becomes, after calibration, a
measure of the velocity . The advantage of the hot-wire anemometer
lies in the fact that it may be built in extremely small sizes and so
may be employed in measuring the velocity variations in turbulent
flow velocity profiles in boundary layers, etc . , where a pitot-static
tube cannot be used . It must always be calibrated before use, and
calibration is generally made against p1tot-static tube measurements
of veloclty.
Temperature Measurements
What is temperature? It is a measure of how hot or how cold a
material is. Our temperature scale is based on a set of reference
points : freezing temperature ( 0°C . , 32°F .) and boiling temperature .
(100°C. , 212°F .) .
There are two acceptable scales of temperature measurementcentigrade and fahrenheit . The following diagram indicates how ea ch
of these two scales are based on the d1fference between freezing and
boiling temperature.
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Figure 9 . Air velocity calculator .
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Boiling
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Fahrenheit

100
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122

25
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0

32

Temperature sca les can be converted by the following eq uat1ons :
°C .=
0

5

g

r . =~

(°F. - 32)
0

c.+

32 •

· The most common method of measuring temperature is with a
mercury thermometer in which the mercury expands with tempera ture
in a calibrated tube . A mercury thermometer is an old standby in
terms of reliability . When there is some doubt of an electrical
thermometer it can be roughly checked with a mercury thermometer .
The major disadvantages of a mercury ther mometer are problems in
reading closer than one degree, little flexibility in placing the
thermometer in difficult - to- reach places, large size limits access
in some cases, slow response time in changing temperature conditions,
and does not l end itself to automatic recording.
Another method of measuring temperature is with a meta llic
strip composed of two metals bonded together which have different
coefficients of expansion with temperature . As the temperature
increases the compounded strip curves with the metal of the highest
expansion being on the outside curve . In some cases the strip is
made into a coil to increase the sensitivity of the displacement to a
small temperature change . Bi- metallic strips are frequently used in
thermostatic controls since they actually produce a displacement
which can be used to control a relay which can turn on or off the
heat . The disadvantages of this type thermometer is that the dial
indicator is located adjacent to the point of sensing the temperature and
the mechanism is not easily adapted for recording.
There are essentia lly two types of temperature sensing
devices which are adaptable to electrical recording . One is a thermoc\.lple and the other is a thermistor .
The thermocouple works on the principle that when two different types of metal such as iron-constantan or copper- constantan comes
in contact, there is an EMF set up between the metals in the order
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of microvolts . This EMF is dependent upon temperature . Thus , it is
possible to use a volta ge recorder which has been properly calibrated
to record temperature . The thermistor (Figure ll) works on the
principle that the electrical resistance of the thermistor changes
with temperature, and with proper circuitry this can be measured
by a change in voltage. In a smiliar fashion to the thermocouple this
change in voltage can be recorded as temperature.
A recorder can be built to record as many points as desired
by going through the proper switching mechanism . Of course if the
recorder handl es more than one point, each point is intermittantly recorded since only one point can be printed at a time. Under normal
conditi ons a recorder requires about 15 seconds per point . It is possibl e
to record one point a fter another until all points are reached and t hen
complete the cycle or record the complete set of points once each hour
or other predetermined time period by using a timer . The recording
can be performed on a strip-chart recorder (Figure 12) or a print
out tape (Figure 13) .
One of the major advantages of the thermistor and the thermocouple is the small sensing element (about a 3/16 inch junction on
the end of a wire). Thermocouples have been made under a ma gnifying
glass from hairsize i40 thermocouple wire, and used to determine the
temperature inside a seed or a xylem vessel of a corn stem. Another
advantage is Ue ability to locate the sensing element remotely
from the recorder . If you can reach the point where you desire to
measure the temperature with a wire you can use a thermistor or
a thermocouple.
The electrical circuit of a thermocouple is such that any
number of thermocoupl es can be connected in parallel and the
voltage output w1ll i ndicate the average temperature of the thermo couples .
The following is a list of instrument manufacturing companies .
Chances are that several of these companies have representatives
in your area who would be glad to discuss the use of their instruments
in your seed operation .
Air Measurement Instrument Companies
F. W . Dyer Mfg. Co. , Inc.
Box 373
Michigan City, Indiana 463 60

Alnor Instrument Co .
420 N . La Salle Street
Chicago, Illinois 60 610

Janis Equipment Co.
4 711 Poplar Street
M emphis 17, Tennessee

United Sensor & Control
89 Church St.
East Hartford, Connecticut
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Figure 11 . A digital thermometer using thermistors .

Figure 12. A strip chart recorder .
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Figure 13 . A print-out recorder .

160
E. V. Hill & Company
Box 189
Lake Geneva Wisconsin
I

Airflow Development
244 Newkirk Road
Richmond Hill
Ontario Canada
I

Temperature Measurement Instrument Companies
Marshalltown Mfg . Inc .
Marshall town
Iowa

Leeds and Northrup
49 01 Stenton Avenue
Ph iladelphia 44 Pennsylvania

Temtec h
2202 S. Wright Street
Santa Ana California 92 705

Rustrak Instrument Co . Inc .
Municipal Airport
Manchester New Hampshire

United Systems Corporation
918 Wood ley Road
Dayton Ohio 454 03

United Electric Controls Co.
85 School Street
Watertown Massachusetts

Thermo- Electric Co .
Saddle Brook
New Jersey 07663

Alnor Instrument Co.
42 0 N . La Salle Street
Chicago Illinois 60610

I

I

1

Inc .

Honeywell
2 701 Fourth Avenue S .
Minneapolis Minnesota
1

I

I

1

1

I

I

Victory Engineering Corp .
Box 187
Springfield New Jersey 07081
I

Omega Engineering, Inc .
Box 4797 Springdale Station
Stanford Connecticut 069 07
I

If you cannot measure the air velocity or the temperature in
your drying operation 1 then you cannot control these factors. If this
is the case, the success of your drying operation is not what it can

be.

